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EXECUTIVE SUMMARY

pTHE PROBLEM

During the exercise of strategic simulations and models for the

-1 estimation of the total number of injuries and fatalities following a nuclear

exchange, a number of critical parameters must be employed whose exact values

are unknown, yet whose impact on simulated results is considerable. One suchIparameter is the assumed fallout shelter 'stay time' of the civilian

population.

One standard currently employed in the strategic simulation

community is the set of effective protection factors developed by SRI (4),

based on the following stay time assumptions:

(1) 7 days fully sheltered followed by 14 days partially sheltered for

shelters exhibiting adequate plumbing/water facilities, and

(2) 2 days fully sheltered followed by 3 days of partial sheltering for

facilities exhibiting generally inadequate plumbing/water

facilities.

These protection factors are incorporated, for example, by the Studies,

Analysis, and Gaming Agency (SAGA) in the Single Integrated Damage Assessment

Capability (SIDAC) for the estimation of fallout fatalities and injuries in

various strategic scenarios. However, the shelter stay times reflected in

these parameters represent little more than best reasonable estimates of

shelter stay. The use of these and other 'reasonable' assumptions of stay

generate a wide variation in the number of simulated fallout casualties.

As a result, a definite need exists for the development of a

methodology to justify choice of stay time assumption and to reduce the

variability associated with the human factor in large scale simulations.

OBJECTIVE
The objective of this study is threefold:

(1) First, to develop a model of fallout shelter stay time based on the

application of principles of human behavior to an empirical

database;
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(2) Second, to provide a guide for, and examples of, the use of this

model for the strategic analyst specifically involved in the

simulation of fallout casualties in strategic exchanges; and

(3) Third, to reduce the wide variation in simulated strategic cas-

ualties currently displayed as a result of the spectrum of stay

times employed.

APPROACH--DEVELOPMENT OF THE MODEL

The model of fallout shelter stay developed in this study, denoted

the Attrition Rate Model, is based on a statistical analysis of a

quantitative database of human response in disaster situations. Behavioral

studies of human response to disasters were systematically surveyed for

quantative estimates of time spent in shelters and qualitative data bearing

on the behavioral profile of shelterees. Three thousand estimates were

derived from approximately seven hundred studies. Eight general categories

of data were identified:

(1) physiological,

(2) shelter space,

(3) shelter type,

(4) warning,

(5) training,

(6) shelter management,

(7) evacuation posture, and

(8) communication.

For each of these categories, estimates of percent shelteree attrition were

derived as a function of time since sheltering. Results were refined by

eliminating data from incidents not analogous to a oost-attack environment.

Qualitative behavior profiles derived from questionnaires, interviews and

observations were developed and used to interpret the quantitative data.

The resulting model expresses, for a variety of shelter environ-

ments, the percent of shelterees leaving the shelter as a function of time

since sheltering. It was found that, in contrast with traditional

assumptions which assume entire population either completely in or out ef

2



shelters at any given time, that the expected behavior response of a

4sheltered population is one of constant 'attrition' from the shelter.

UTILITY--A GUIDE TO THE MODEL'S USE

The utility of the Attrition Rate Model of fallout shelter stay

is based on two features of the model:

(1) First, that it provides a justification for choice of stay time

assumption in strategic simulations by virtue of its basis in

a quantitative database, and

(2) Second, that it provides the potential for the reduction in

the wide variation of simulated fallout casualties associated

with the range of stay time assumptions traditionally employed.

In order to allow the strategic analyst to incorporate these

advantages into current estimates of fallout casualties, and to derive full

advantage from the Attrition Rate Model in strategic simulations, a guide

to the use of the model in both pencil-and-paper and large scale simul-

ations is developed and presented. The guide focuses on both the generic

step-by-step procedure for the estimation of fallout casualties, and is

illustrated by two explicit applications: a study of casualties in

Tbilisi, Soviet Georgia, and an investigation of casualties associated with

a SIDAC scenario.
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PREFACE

This report is submitted to the Defense Nuclear Agency by the BDM

Corporation under Contract Number DNA-OOl-78-C-0060 and represents work

conducted during the period 1 June 1978 through 1 January 1979.

The objective of this study is to develop a model of fallout

shelter stay times and to provide a guide for its application in strategic

simulations. The model, denoted the Attrition Rate Model, is based on an

empirical database constructed from a systematic review of behavioral

response in American disasters. Traditionally, stay time assumptions

employed in strategic simulations have been based on little or no quantita-
tive data, but have represented only reasonable or computationally conve-

nient assumptions. The use of an empirical database in the Attrition Rate

Model provides a justification for the choice of simulation stay time, and

thus contributes to reducing the wide variation in simulation results

characteristically associated with the 'human element'.

The utility of the Attrition Rate Model can be measured only by

its usefulness and applicability within the strategic simulation community.

5For this reason, the material in this report is presented in a concise

manner, specifically focused toward providing the strategic analyst with a

guide for its use in simple 'pencil and paper' studies and large scale

simulatiuns, such as the Single Integrated Damage Assessment Capability

(SIDAC).

The principal authors of this report are J. H. Kinrich, N. J.

Maresea, and R. A. Levit.
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SECTION I

INTRODUCTION TO THE PROBLEM

1. 1 BACKGROUND

One key element involved in the overall determination of the

effectiveness of U.S. and Soviet strategic nuclear forces is the use of

strategic exchange simulations and targeting models. Among these simula-

tions are the Single Integrated Damage Analysis Capability (SIDAC), which
is a large scale nuclear exchange computer simulation, and CIVIC, COBRA,

READY, and RISK II (1, 8). These tools allow strategists to investigate

different scenarios characterized by variations in the distribution, type,

yield, and accuracy of strategic weapons; alternate mission types (counter-

force, counter-value, etc.); differing target vulnerabilities; and other

strategic issues. The resulting number of fatalities and injuries sus-

tained by the population through simulated prompt, collateral, and fallout

effects contributes directly to estimates of a country's ability to re-

cover; a process of significant strategic importance to any nation.

However, during the exercise of these simulation tools for the determin-

ation of population attrition, a number of critical parameters must be

employed whose exact values are unknown, yet whose impact on simulation

results is considerable. One such parameter is the length of time the

civilian population can be expected to remain in fallout shelters following

a nuclear attack.

Currently, the Defense Nuclear Agency and others employ fallout

protection factors developed by SRI (4). These standard PFs are heavily

dependent on the shelter stay time assumptions used to generate them. SRI

uses two sheltering assumptions in its study; these have been called the

"Seven Day" and "Two Day" assumptions. For example, developed countries

are assumed to have shelters with sufficient food, water, and plumbing

facilities to allow a seven day stay in the shelter. This seven day period

is followed by fourteen days of partial shelter occupancy: 2/3 of the day

in the shelter, and 1/3 of the day outside. Lesser developed countries do

11



not have as highly developed water and plumbing systems. Therefore,

shelters in these countries are assumed to allow two days of complete

sheltering, followed by three days of partial (2/3 in, 1/3 out) sheltering.

In order to provide information on the extremes of shelter stay,

some modelers also investigate two additional possibilities: Indefinite

sheltering (100% sheltering until radiation level reaches zero) and no

sheltering.

These variations in currently employed stay time assumptions

support a wide variation in resulting population fatalities, yet each

assumption represents little more than a "reasonable" estimate or compu-

tational simplification of shelter stay. To date the user has no empirical

basis by which to choose a fallout shelter stay time. A definite need

exists for the development of a methodology to justify the choice of stay

time assumptions and to reduce the variability associated with the human

factor in large scale simulations.

Determination of fallout shelter stay time involves the evalu-

ation of human behavior under stressful situations. As such, a behavioral

science approach to stay time estimation will provide the needed human

factors element. This study represents an initial effort to address these

needs in a quantitative manner.

1.2 STUDY OBJECTIVE

Te objective of this study is threefold:

(1) First, to develop a model of fallout shelter stay times

based on the applications principles of human behavior

to an empirical database

(2) Second, to provide a guide for the use of this model as a

tool in casualty investigation, and;

(3) Third, to reduce the wide variation in simulated strategic

casualties currently displayed as a result of the spectrum

of stay time assumptions employed.

12



In support of these objectives, a model of fallout shelter stay

times, denoted the Attrition Rate Model, is constructed based on a compli-

ation and anlaysis of quantitative stay time estimates from behavioral

studies of disasters.

This document is a guide to the modeling methodology and appli-

cations of the model itself. Instruction in the use of the model in both

"pencil-and-paper" and large scale computer simulation studies is provided

with an example application for each type of study. These examples illus-

trate the reduction in the variability of fallout casualties, while the

model itself provides a justification for the choice of stay time assump-

ti ons.
1.3 REPORT ORGANIZATION

The remainder of this report is composed of three sections. In

Section 2, the methodology employed in the development of the Attrition

Rate Model is presented along with a discussion of model extensions and

limitations. A guide for the use of the model as a tool in casualty

investigation and examples of its use are given in Section 3. These

examples comprise first; an exemplary pepcil-and-paper study of casual-
ties associated with a simulated laydown on the city of Tbilisi, Soviet

Georgia, and second; a computer simulated investigation of casualties based

on a SIDAC red-on-blue simulation. Finally, Chapter IV discusses addi-

tional applications and extensions of the model.

13
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SECTION 2

A MODEL OF FALLOUT SHELTER STAY TIMES

2.1 INTRODUCTION

In order to develop a quantitative model of fallout shelter stay

times in a nuclear environment, an empirical database must be developed

which reflects as closely as possible the expected circumstances following

a nuclear exchange. From the perspective of the sheltered population, this

environment is characterized by the shelter atmosphere and the existence

and/or perception of a real external threat.

The only peacetime experience available which provides quantita-

tive data on shelter stay times in real threat environments is that of

disaster studies. Indeed, a fundamental assumption of the present study

is that a post-attack environment is a disaster, and that human response

to a nuclear disaster is an extropolation of human response to natural

disasters. Consequently, the model of fallout shelter stay time proposed

in this study represents a quantitative summary of stay times based on an

extensive disaster database characteristic of the American population.
Because this database is derived from a spectrum of disaster shelter types,
and includes behavioral response to real threats, it is felt to closely

reflect the key behavioral determinants expected in a post-attack nuclear

environment.

The development of this model, denoted the Attrition Rate Model,

by the use of a quantitative empirical database provides a justification

for its use as the "stay time assumption" in strategic simulations. Cur-

rently employed stay time assumptions are based on little or no data, but

represent at best only reasonable approximations, and at worst, computa-

tionally convenient parameters. As such, there is no specific criteria by

which to choose among assumptions, yet simulation results are quite sensi-

tive to the assumptions employed. Thus, the Attrition Rate Model provides

14 * ./



a distinct advantage to the strategic analyst by providing a more justifiable

choice of stay time, and consequently a reduction in the variation in

simulation results traditionally associated with the 'human element'.

2.2 OVERVIEW OF MODEL DEVELOPMENT

The approach employed in developing the Attrition Rate Model of

fallout shelter stay times involved the construction of a quantitative

database of stay time estimates extracted from relevant behavioral studies,

and an analysis of the data for application to a post-attack environment.

The resulting 'model' is cast in the form of graphical displays (with asso-

ciated analytical representations) illustrating the percent of the shelter

ed population expected to exit the fallout shelters as a function of time

during the first ten days following shelter entrance.

Approximately seven hundred studies of human response to disaster,

isolation and confinement, and shelter occupancy were reviewed, from which

about three thousand estimates of stay time were extracted. These data were

reduced to five hundred and seventy six points by eliminating of data from

incidents not analogous to a post-attack environment. Within this final

database, a frequency analysis was performed to identify general catagories

of data which characterized reported motivations of shelter exit. These

included physiological, shelter type, shelter space, warning, training,

shelter management, evacuation posture, and communication. Data

characteristic of each of these parameters were least-squares-fitted to

linear, and in some cases simple power law, response curves. Qualitative

behavior profiles derived from questionnaries, interviews, and observations

were also developed, and used to interpret these quantitative data. Figure

2-1 illustrates the overall approach employed.

By combining data representing stay time estimates reflecting the

best configurations of each of the above categories and data representing

worst configurations, 'best case' and 'worst case' extremes in expected

shelter exit response were developed. In this form, the model represents a

useful tool for the investigation of the expected variation in fallout

casualties due to the range of expected human response.

15
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Figure 2-1. Development of the attrition rate model of fallout
shelter stay times.
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2.3 DEVELOPMENT OF THE MODEL

2.3.1 The Database

The source literature reviewed for the development of the Attri-

tion Rate Model included approximately seven hundred studies of disaster,

isolation and confinement, and fallout shelter occupancy. The overwhelming

majority of the quantitative data subsequently employed in the model data-

base was based on disaster studies of the National Academy of Sciences--

National Research Council (Disaster Research Group), the National Opinion

Research Council, and the Ohio State Disaster Research Team (2,9,10,11).

Table 2-1 depicts the nature of the disaster research reports included in

the study. A decision was made not to include results of fallout shelter

occupancy and isolation/confinement studies since the component of behavior

reflecting the presence of a real external threat, as would be character-

istic of a nuclear environment, was absent from these studies.

From the disaster studies, quantitative estimates of shelter

stay times were identified and added to the database. For this purpose,

the act of 'sheltering' was considered to be any overt behavior whose

objective was to partially or completely protect the individual from the

physical effects of an incident. Thus, in the case of a flood, for

example, the 'shelter' may have been a rooftop, or in the case of an

earthquake, under a table in the basement. Actual stay time data

represent first hand reports via questionnaires and interviews with

study participants or disaster victims, as well as observations reported

by reliable observers such as the Red Cross, police, fire rescue, and

other personnel involved in disaster recovery.

Stay data extracted from these studies were recorded by including

event type and description, shelter type, stay time, reason for leaving,

and time of arrival of aid. All data were coded and placed on computer

cards for subsequent processing. As a check on internal consistency,

the source documentation was divided in two, and data were extracted

from each half by different analysts. The resulting response curves

based on these two sets of data were found to correlate closely.

17



Table 2-1. Sources of disaster studies.

BEHAVIORAL ASPECTS SOURCES
OF FALLOUT SHELTER STAY DISASTER RESEARCH

EVENTS FIELD INTERVIEWS AND
DISASTER AGENTS STUDIED STUDIES QUESTIONNAIRES REPORTS

AIRPLANES 4 3 176

BLIZZARDS 3 2 19 2

EARTHQUAKES, ETC. 8 8 1,831 10

EPIDEMICS AND
EPIDEMIC THREATS 5 5 2,487 7
EXPLOSIONS
AND FIRES 13 13 678 11
FALSE ALERTS 6 7 2,953 7
FLOODS 12 16 3,319 27

HURRICANES
AND TYPHOONS 12 9 364 9

MINE DISASTERS 2 3 297 5
TORNADOES 20 31 2,092 34

TOXICOLOGICAL
SUBSTANCES 8 8 227 6
WORLD WAR II
BOMBINGS 4 6 7,163 4
MISCELLANEOUS 6 3 18 4

TOTALS 103 114 21,624 121

2121/78W
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The initial three thousand point database developed in thiS

manner represented a summary of quantitative stay time estimates and event

characteristics from reliable observers, and provided a foundation or tfl

development of the Attrition Rate Model.

2.3,2 Data Analysis

In order to obtain a database most representative of a post

attack environment, a number of criteria were imposed by which to eliminate

inappropriate data from the initial database. These criteria demanded that

the data represent:

(1) incidents chararterized by brief, intense expenditure of energy;

(2) stay time estimates before the arrival of aid;

(3) data collected within 30 days of the incident; and,

(4) data collected within impact and fringe areas.

The application of these criteria reduced the dataoase from three thcusand

to approximately six hundred data points.

Within this final database, a frequency analysis was employed to

identify categories of data associated with shelter exit. Eight such cate-

gories were identifiea:

1) physiological, 2) shelter space, 3) shelter type, 4) warning, 5)

training, 6) shelter management, 7) evacuation posture, and ) com-

munication. The data were partitioned among these categories, and a least-

squares linear fit was performed to develop response curves for each cate-

gory. The resulting curves are shown in Figure 2-2. Note that in some

cases, it was possible to fit the data to a simple power law more accu-

rately than to a straight line.

For the purpose of employing these results in the investigation

of fallout casualties, two additional cases were developed: Best Case, and

Worst Case. For the Best Case response, all data representative of the

best cases of each of the above eight categories were included. These data

were then fit to a straight line, as shown in Figure 2-3a. Thus, this

result summarizes the expected responses reflecting adequate food, water

19
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and shelter space, and the presence of warned, trained, and well managed

shelterees with adequate communication. The Worst Case is depicted in

Figure 2-3b.

To complement the quantitative stay time data employed in con-

struction of the Attrition Rate Model, qualitative behavior profiles and

motivations for shelter exit as a function of time were also derived from

the literature surveyed. These are summarized in Table 2-2 for the first

seven days following the attack Generally, post attack behavior falls in

the range considered normal. As shown in the table, reasons for shelter

exit include: physical and physiological effects, such as shelter damage

and lack of food, water, plumbing, etc,; lack of communication and direction;

concern for relatives and friends; boredom; the desire to explore the ex-

ternal environment; the perception of the danger being over; and the need

for action.

2.4 DISCUSSION

The Attrition Rate Model, as denoted in this study, is the re-

sponse depicted in Figure 2-2. Based on the systematic review of behavioral

science source literature and the development of a database of quantitative

stay time estimates, the model indicates that the expected behavioral re-

sponse of a sheltered population is one of constant "attrition" from the

shelter environment. This is to be contrasted with traditional assumptions

in which the population is taken to be either completely in or completely

out of their protective shelters at any one time.

Because of its foundation in a quantitative, empirical database,

the Attrition Rate Model lends more justification to its use as a fallout

shelter stay time assumption then do currently employed assumptions which

vary widely in their definition, and which represent merely reasonable or

convenient model imputs. The model provides a significant refinement of

fallout shelter stay time representation, and contributes to the reduction

in variability of the total number of simulation fallout injuries and

fatalities characteristic of the range of stay time assumption currently
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Table 2-2. Behavioral profiles and reasons for shelter exit.

BEHAVIORAL REASONS PERCENT LEFT

TIME PROFILE FOR LEAVING BEST CASE WORST CASE

Preattack Aware concerned
Unfocused Actions

Attack Dazed Muted
Stereotypical

Day 1 Fuzzy Anger/Frustration Physical Effects 5.9 11.6
Rigidity Lack of Communication

Lack of Direction

Day 2 Difficulty Solving Physical Effects 9.4 17.7
Problems Physiological Needs

Fear/Anxiety Lack of Communication
Manifestations of Lack of Direction

Boredom Primary Group
Separation

Day 3 Cognitive clearing Physiological Needs 12.9 23.8
Anxiety Reduction Primary Group Separa-
Tension Reduction tion

Need for Action

Day 4 Normal Need to be doing 16.3 29.8
Tension/Irritability something
Reactions to Forced Judgment that danger

Idleness was passed
Organized Activity

Day 5 Normal Lack of Communication 19.8 35.9
Irritability Independent Judgment
Organized Activity Primary Group Separa-

tion
Physiological Nee.

Day 6 Normal Exploration of Environ- 23.2 42.0
Acceptance ment Primary Group
Differentiation Concern

of Activities Exhaustion of Resources
Rescue Efforts

Day 7 Normal Perception of Danger 26.7 48.0
Directed Organized over
Activities Need for Action

Re-establish Community
Exhaustion of Physical

Resources

6020/78W
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employed. Although the model is based on criteria which attempt to

approximate as closely as possible a post-attack environment, and upon a

database which was specifically sought to reflect behavioral response

due to real external threats and a spectrum of shelter types, applica-

tion of the model to situations exceeding the characteristics of its

database must be made with care.

For example, the Attrition Rate Model is based on data almost

entirely representative of American response to disaster. Thus, appli-

cation of the model to, say, the Soviet population entails a cross-cultural
extropolation and assumption. One may estimate that the commonality of
human response to disaster is such that all cultural response will lie

somewhere within the Best and Worst cases displayed by the model. However,

in the absence of additional data, this must remain an assumption. In

addition, the model displays a clear distinction between the response of

well-trained, well-equipped, and well-managed shelterees and the response

of those ill-suited in these areas. Thus, any determined or overt

program which tends to significantly accentuate these positive attributes

prior to sheltering may condition behavior atypical of that displayed by

the database employed. However, the methodology employed in constructing

the model is largely independent of the database compiled; just the

question of data availability remains. In constructing the Attrition

Rate Model, only American disaster data were available.

Because the model indicates a continuous attrition of the shel-

terees from the shelter environment, application of model results within

strategic simulations will require some process of discretization. In ad-

dition, among the eight categories of data identified, only responses

characteristic of bi-polar parameters were developed. For example, for the

case of training, responses reflecting either "presence of training" or
"absence of training" are represented. Thus, the model does not charac-

terize response as a function of degrees of training, or levels of communi-

cation, or completeness of warning, etc. However, aside from issues of

model domain application of the model itself within currently employed
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strategic simulations is envisioned as a straightforward exercise,

involving at most computational and integration effort.

Consequently, the Attrition Rate Model is presented in this study

as an "experimental tool" for use by strategic analysts in evaluating

fallout casualties in nuclear exchange simulations. For this purpose, the

remainder of the report focuses on the detailed use of the model in simu-

lations exhibiting various levels of detail. In particular, two appli-

cations are presented: model use in a "pencil-and-paper" study of fallout

-A casualties in Tbilisi, Soviet Georgia, and model use in SIDAC.
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SECTION 3

APPLICATIONS OF THE ATTRITION RATE MODEL

The usefulness of the Attrition Rate Model of fallout shelter
stay times developed in the previous section as a tool for the investiga-
tion of fallout casualties in strategic simulations is illustrated in
this section. First, a generic guide for the application of the model

is presented. This guide provides a framework within which strategic

studies at various levels of detail can make use of the model. Appli-
cation of the model, and use of the guide, is then presented by means of

two examples: first, a 'pencil-and-paper' study of fallout casualties
in Tbilisi, Soviet Georgia, and second, a study of casualties using the

SIDAC simulation model.

3.1 A GENERIC GUIDE TO THE USE OF THE ATTRITION RATE MODEL

This section describes, in general terms, procedures for the

implementation of the Attrition Rate Model in the calculation of strate-
gic fallout casualties. The steps as described below were performed in

the Tbilisi study. In the SIDAC study, only the last step was specif-
ically performed; the remainder are performed automatically in the SIDAC

simulation itself.

The necessary steps are as follows:

(1) Determine the expected distribution of the post-attack

population among fallout shelters.

(2) Generate the weapon laydown and develop the resulting

blast and fallout contours.

(3) Identify those shelters destroyed by blast, and the

distribution of surviving shelters among fallout radiation

field intensities.

(4) Employing the Attrition Rate Model, determine the radia-

tion dose received by each individual as a function of

his shelter protection factor and the intensity of the

local fallout field.

(5) Compute casualties based on dose received.
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These guidelines are purposefully general in order that they

may be applicable over a wide range of simulation detail. In the examples

to follow, use of the model is keyed to investigating the sensitivity of
the total number of fallout casualties to variations in stay time assump-

tion.

3.2 FIRST MODEL APPLICATION: TBILISI, SOVIET GEORGIA

The study of a simulated laydown pattern on Tbilisi, Soviet

Georgia, was a preliminary pencil-and-paper study to demonstrate the use
of the model. The goal of the study was to compare results for two

traditional stay time assumptions with the results for the new Attrition

Rate Model. The two traditional assumptions investigated were the Seven

Day assumption (7 days in, 14 days 2/3 in) and the Two Day assumption (2

days in, 3 days 2/3 in). These were compared with the Best and Worst

Cases from the Attrition Rate Model. The Best and Worst Case attrition

rates are shown in Figure 3-1. Only a summary of the study is given

here; further details may be found in (3).

3.2.1 Assumptions

In order to perform the comparison, all assumptions of the
model except that of shelter stay times were held constant. For the

hypothetical attack, the laydown consisted of twelve strategic RVs tar-

geted on significant industrial or military targets in and around the

city. Six RVs were employed as ground bursts; the remaining six RVs
were air bursts. A simultaneous burst laydown was assumed.

The fallout was caused by a 20 knot wind blowing northwest, a
direction characteristic of the area between November and April. Fallout

was assumed to arrive at 1.5 hours. (This is reasonable, as we only
considered the casualties within the city; downwind rural casualties

were not investigated).

The distribution of population among shelters of various PFs

and the shelter blast vulnerabilities were taken from an SRI study (4).

The shelters were assumed to be uniformly distributed within the city

boundaries. The outside protection factor was assumed to be PF=2.
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To estimate shelter destruction by blast damage, the DIA blast

vulnerability methodology (Physical Vulnerabilties Handbook (5)) was used.

Fallout radiation fields were modeled using the EM-I fallout methodology (6).

Fallout was assumed to decay as t- ' 2,with t in hours.

The number of casualties was equal to-

N= (l/4)'(individuals receiving between 250R and 450R)
+(3/4)'(those receiving between 450R and 650R)

+(l.O)Y(those receiving over 650R)

All doses were received within ten days, and in most cases the majority of

the dose was received within four days, so no biological repair factor was
needed or used.

For ease of computation, attrition from fallout shelters was

assumed to take place at 24 hour intervals, rather than continuously. This

introduces no significant change in the results.

3.2.2 Approach

To estimate the variation in sheltered population fallout

casualties in Tbilisi for each of the stay time assumptions, a two part

approach was employed.

In the first part, the number of casualties per day was computed

for shelters with PFs of 10, 50, l0, 200 and 500 located in fallout fields

ranging in intensity (at one hour) from 300 to 10,000 rads per hour.

Casualties were computed for the four different stay time assumptions: Seven

Day, Two Day and the Best and Worst Cases from the Attrition Rate Model.

In the second part, a hypothetical attack on Tbilisi was consider-

ed. A laydown pattern was generated as discussed above. The resulting blast

damage to shelter was computed using the Physical Vulnerabilities Handbook.

Figure 3-2 shows the city boundaries and regions of shelter destruction.

Fallout contours were constructed using EM-l methodology. In Figure 3-3 the

radiation field resulting from the laydown is presented. The fraction of

surviving (undamaged) shelters in each radiation field was computed by

overlaying each part of Figure 3-2 with Figure 3-3 and computing the area

contained in each field. The resulting number of daily fallout casualties
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Figure 3-2. Tbilisi city boundaries and regions of total shelter destruction.
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was then determined by estimating the percent of undestroyed shelters in

fallout fields of intensity 300 to 10,000 R/hr, and employing the results of

part one.

3.2.3 Results

Part one resulted in four graphs for each protection factor: one

graph for each of the four possible stay time models. As an example, Figure

3-4 presents the results for PF=200. (Complete results may be found in (3)).

Note that the two versions of the Attrition Rate Model yield

relatively smooth curves. This is because of the continuous outflow of

shelterees under this model. The traditional assumptions, on the other hand,

are much more jagged. In fact, by definition these curves can only take

values of 0, 25, 75 and 100 percent.

The results of part two are summarized in a series of tables.

Table 3-1 provides a summary of the distribution of the sheltered population

both before and after the blast. In Table 3-2 the population which survived

the blast is distributed by percentage among the various protection factors

and radiation fields. Figure 3-5 and Table 3-3 depict the final casualty

figures. (Note In Figure 3-5 and Table 3-3, a casualty is defined as one who

has received a fatal dose, not necessarily one who has already died. The

actual times of death might be later than depicted in the graphics).

3.2.4 Discussion

A number of conclusions may be drawn from Figure 3-4 and similar

diagrams for other protection factors. Using the Two Day and Seven Day

assumptions, no casualties result from a 300 R/hr or less radiation field.

Under the Attrition Rate assumption, those people who leave shelter within

the first few hours were casualties. (These individuals were assumed to be

sheltered from the blast, but to leave shelter before the fallout arrived.)
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Figure 3-5. Daily percentage of sheltered Tbilisi population becoming
casualities within the first ten days for each of the three
shelter stay time assumptions.
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II

The major difference between the casualty curves for the tradi-
nal and Attrition Rate assumptions occurs for high PF shelters. The tradi-
tional assumptions result in 100% casualties for those in high radiation

fields, and 100% survival for those in low radiation fields. The Attrition

Rate assumptions more realistically allow other than "all-or-nothing"
choices. Casualties are higher in high fields than in low ones, but those

people who remain in high PF shelters have a chance to survive in even the

worst radiation fields.

As indicated in Figure 3-5, the percentage of post-attack casual-

ties associated with the Attrition Rate stay time assumption is between 1.5
to 2 times greater than the percentage expected for, the Seven Day assump-

tion, and between 1/8 to 1/2 times less than casualties expected based on

the Two Day assumption (after the fourth day). However, the Attrition Rate

assumption is based on a survey of human behavioral response across a

spectrum of shelter types, whereas the Two Day and Seven Day cases assume,
respectively, shelters characterized by inadequate and generally adequate

water availability and plumbing facilites. Thus, any comparison of these

stay time.assumptions must include the expected distribution of Two Daylike

and Seven Daylike shelters within the country under attack.

According to the SRI study "Fallout Protection Factors for Various

Countries" (4), shelters in the U.S. and Soviet Union are overwhelmingly

of the Seven Day type. Two Daylike shelters are more prevalent in lesser

developed countries such as Spain, Turkey, Romania, Hungary, etc. As a

result, this analysis indicates that the "standard" stay time assumption

for the U.S. and Soviet Union (i.e., Seven Day) probably underestimates

post-attack casualties by between five and fifteen percentage points. In

addition, as shown by the Worst Case and Best Case results of Figure 3-5,

adequate training, warning, and general preparedness would reduce expected

casualties between five to ten percentage points in Tbilisi. For a city

of this size, this would represent approximately 60,000 civilians.
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In some cases, an analyst would use both the Two Day and Seven

Day stay times to investigate the variability of casualties as a function

of stay time assumptions. There is a 250% difference between the Two Day

and Seven Day results after ten days. The Best and Worst Cases, however,

seem to reduce this variability to approximately 50%.

It should be noted that the calculations performed during this

study have shown that the daily percentage of casualties expected for the

Attrition Rate and Seven Day assumptions is a function of the shelter

protection factor and the intensity of the local radiation field. That

is, the conclusion cannot be made that for all PFs and fallout inten-

sities, for example, the Attrition assumption will always generate more

casualties than the Seven Day assumption. Consequently, the variation

in casualties for each assumption is expected to be scenario dependent,

requiring the inclusion of estimated shelter distributions within con-

structed fallout fields, and consideration of population allocations to

those shelters.

In summary, the exemplative analysis of an attack on Tbilisi

conducted for this study has shown:

(1) The number of post-attack casualties is expected to be

scenario dependent;

(2) The inclusion of realistic behavioral assumptions in stay

times (Attrition Rate assumption) generated 1.5 to 2

times more casualties in Tbilisi than the "traditional"

assumption (Seven Day), and;

(3) Adequate shelter preparedness generated between 1/4 and

1/3 fewer casualties than inadequate shelter preparedness

in Tbilisi.

(4) The Attrition Rate Model reduces the range of variability

associated with stay time assumptions.
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3.3 SECOND MODEL APPLICATION: SIDAC

3.3.1 The SIDAC Model

SIDAC is a computerized analytical model designed to provide

nuclear damage anlaysis information for both Red and Blue resource

monitoring. It is a one-sided model that simulates land, air, and sea

forces, as well as civilians and paramilitary. It can consider weapons

or weapons systems individually and the modularity of its design allows

the user to aggregate up to any level he wishes, depending upon his

specific requirements. The model uses a mixture of deterministic and

stochastic elements. Probability is used as the primary solution tech-

nique for prompt damage by means of the methodology developed by the

Physical Vulnerability (PV) Division of the United States Air Force

Intelligence. Delayed radiation effects are estimated by means of the

methodology developed by the Weapons Systems Evaluation Group (WSEG).

SIDAC was developed by the Command and Control Technical

Center (CCTC) of the Defense Communications Agency. It is used by the

Studies, Analysis, and Gaming Agency (SAGA) under the aegis of the Joint

Chiefs of Staff.

The structure of SIDAC is summarized in Figure 3-6. Inputs to

SIDAC consist of the strike tape (containing the weapon laydown and

related weapon information), wind and weather conditions, and the data

base, containing target and population information.

SIDAC uses this information to produce an Answer File, often

designated by File Code 25. For our purposes, we may consider the

Answer File to have one "record" (unit of output) for each possible

environment. An environment may be considered to be a group of fallout

shelters (of varying PFs) in a given radiation field with a given prob-

ability of blast damage.

A record contains basic identification data, such as the

country and geopolitical region of the information and whether it is in

an urban or rural environment. Also included are the capacity of the

shelter (CAP), the probability of receiving less than moderate or severe

blast damage (MPROB and SPROB, respectively), and the maximum cumulative

biological dose (MAXDOS) which would be obtained by an individual in

that environment with no fallout shielding (PF=l).
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3.3.2 The SIDAC Post-Processor

The SIDAC post-processor performs the actual computation of prompt

and fallout casualties. The post-processor as originally developed by CCTC

consists of approximately 350 lines of FORTRAN code. A listing is contained

in Appendix C. This program uses the SIDAC Answer File as input and produces

casualty estimates for the scenario under consideration.

As originally configured, the post-processor allowed the user to

input a shelter stay time assumption to apply to the entire population. This

stay time is described in two parts: the period from time 0 to time ITT

represents the period of 100% shelter occupancy. The period from ITT to JTT

represents the period of partial shelter occupancy. The fraction of time the

shelter is occupied is designated XMULT. After time JTT, radiation exposure

was assumed to drop to zero. This is due either to evacuation of the area at

risk or actual decay of radiation levels to below noticable limits.

An example will serve to clarify this. Assume we want to

investigate the effects of a 7 day shelter stay time followed by 14 days of

two-thirds sheltering. After 21 days, evacuation takes place. All times

must be in hours. Therefore, we set ITT = 7 x 24 = 168 hours, JTT = 21 x 24 =

504 hours and XMULT = .667. With these inputs, the program would calculate

the resulting casualties. Further details are contained in Appendix B.

3.3.3 The Modified Post-Processor

The post-processor as described above was modified to allow a

linear attrition rate of y = at + b, as described in the Attrition Rate Model,

with t = time in hours and y = proportion leaving shelter. The modifications

will be described in brief here and more fully in Appendix D.

The Attrition Rate Model calls for a continuous flow of shelterees

from the shelter. For computational purposes, this was approximated by a

discrete model with one exodus from the shelters every 24 hours. For

example, consider the linear attrition equation y = .0015t + .025. In this

case, 2.5% of the shelterees leave immediately, and an additional .0015 x 24

= 3.6% of the shelterees leave every 24 hours.
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To implement this model, a loop was inserted in the original

program. ITT was started at 0 and incremented by 24 hours for each new day's

population leaving shelter. JTT was held fixed at 504 hours (21 days) as it

always was in the original version. The Attrition Rate Model makes no

allowance for partial sheltering, so XMULT = 0.

For each value of ITT, casualty computations were made as in the

original post-processor. In this case, however, the casualty figures were

multiplied by that fractions of the population actually leaving shelter at

time ITT. The casualties for groups leaving shelter on each day were summed

to give the total casualty figures.

Again, an example will serve to clarify matters. Consider, for.25
simplicity the attrition rate equation y - 4t + .10, with t in hours.

24
This says that 10% of the population leaves shelter immediately, and an

additional 25% leaves every 24 hours until the shelters are empty. After 72

hours, 85% have left. On day 4 (96 hours) the remaining 15% leave. We

further assume that the radiation field is such that 100% of those leaving

immediately die, as do 60% of those leaving after I day, 40% of those leaving

after 2 days, 20% of those leaving after 3 days, and 10% of those leaving

after 4 days. Consider a sheltered population of 1000 people. Table 3-4

summarizes the calculations. Out of 1000 people, 415 became fatalities.

The modified post-processor calculates casualties for an arbitrary

attrition rate y = at + b. The two required inputs are the parameters a and

b. The modifications to the original code consist of approximately 25 lines

out of 350. The modified post-processor appears in Appendix 0.

3.3.4 Method of Determining Casualties

The original and modified post-processors use almost identical

methods to compute casualties. In fact, the only difference is that the

modified version multiplies casualties from a given day's attrition by the

proportion leaving on that day and then sums across days; the original

assumes all attrition occurs at once, and so only has one group to consider.

Therefore, we only consider the method in the original post-processor.
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Table 3-4. Casualty calculation for hypothetical attrition rate
y = 0.25t + 0.10

PEOPLE FATALITY NUMBER OF
DAY LEAVING x FRACTION FATALITIES

0 100 1.00 100

1 250 .60 150

2 250 .40 100

3 250 .20 50

4 150 .10 15

TOTAL 1000 415
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All injury and fatality calculations are made for three time

periods: 7 days, 30 days, and 180 days after the blast. Unlike the
Tbilisi study discussed above, this program counted a fatality only when

it actually occurred, not when the lethal dose was received.

Recall that each record in the Answer File describes one

outside radiation field and level of blast damage. The population des-

cribed in this record is assumed to be distributed among shelters of

various PFs, as shown in Table 3-5.

The overall structure of casualty determination is:

(1) Compute the proportion of prompt fatalities and injuries

based on probabilities of damage.

(2) For each radiation field and protection factor, compute

the proportion of fallout fatalities and injuries.

(3) Multiply number of shelterees by proportion of prompt

fatalities to obtain the number of prompt fatalities.

(4) Multiply number of remaining shelterees (not killed by

prompt effects) by proportion of fallout casualties to

obtain the number of fallout fatalities.

(5) Multiply number of still remaining shelterees by propor-

tion of prompt injuries to obtain the number of prompt

injuries.

(6) After subtracting the number of fatalities and prompt

injuries, multiply the number of remaining snelterees by

the proportion of fallout injuries to obtain the number

of fallout injuries. Note: Steps 5 and 6 imply that

joint prompt and fallout injuries are counted simply as

prompt injuries.

(7) The uninjured, healthy population is the remaining popu-

lation after subtracting all casualties.

(8) This procedure is performed for each data record, and the

resuits are summed.

This procedure is described in more detail in Appendix B.
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Table 3-5. Distribution of shelterees for urban and rural environments.*

*URBAN RURAL

PF PERCENT PF PERCENT

*800 14 40 2

250 7 35 5

150 7 30 15

100 14 25 8

40 28 20 22

20 17 15 6

110 13 10 42

*These shelter distributions may be explicitly overruled by input
data, but this was never done during our sample runs.
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F|
3.3.5 The SIDAC Run

CCTC provided a SIDAC Answer File for analysis. The scenario was

based on a Soviet attack on the U. S. For classification reasons, details

of the SIDAC scenario are omitted. Because of this, the actual casualty

figures should not be considered as representative of all SIDAC runs.

However, the relative spread of results is significant.

Fallout shelter stay times were varied to investigate the

sensitivity of casualty figures to stay times. Nine different assumptions

were used:

(1) 3/4 day fully sheltered, 20 days 2/3 sheltered

(2) 2 days fully sheltered, 19 days 2/3 sheltered

(3) 3 days fully sheltered, 18 days 2/3 sheltered

(4) 5 days fully sheltered, 16 days 2/3 sheltered

(5) 7 days fully sheltered, 15 days 2/3 sheltered

(6) 14 days fully sheltered, 7 days 2/3 sheltered

(7) 21 days fully sheltered

(8) Attrition rate Best Case, y = .0014t + .025, no partial

sheltering I/

(9) Attrition rate Worst Case, y = .0025t + .055, no partial

sheltering.l/

For all nine cases, radiation exposure is assumed to end at 21 days due

to evacuation or the decay of radiation intensity to insignificant levels.

Note that this means No. 7 is equivalent to indefinite sheltering.

It is instructive to consider alternative stay times that

provide identical effective protection factors for the 21-day period.

Some of these are shown in Table 3-6.

3.3.6 Results

The SIDAC data base assumes a total U.S. population of 214.6

million. Of these, 131.4 million are urban, while 83.2 million are rural.

The post-processor provides separate casualty figures for the urban and

rural populations.

1. For Nos. 8 and 9, t is in hours.
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Table 3-6. Effective protection factors and equivalent exit days.

PF 10 100 250 800

SIDAC STAY TIME EXIT EXIT EXIT EXIT
ASSUMPTION PFe DAY PFe DAY PFe DAY PF e DAY

2 days fully
sheltered, 19 days
2/3 sheltered 6.6 8.2 15 8.6 16 8.5 17 8.6

3 days fully
sheltered, 18 days
2/3 sheltered 7.2 10.2 18 10.2 20 10.2 21 10.1

5 days fully
sheltered, 16 days
2/3 sheltered 7.8 12.3 23 12.3 27 12.4 29 12.3

7 days fully
sheltered, 14 days
2/3 sheltered 8.3 14.2 29 14.1 35 14.1 39 14.2

DEFINITIONS:
PFe = Effective protection factor
Equivalent exit day = the day such that complete sheltering up to
that day and no sheltering after it gives the same PFe as the
corresponding SIDAC stay time assumption.

ASSUMPTIONS:
Fallout arrives at 1 hours
Outside PF 1/.65 1.538
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The actual post-processor output is provided in Appendix E.

This section contains a summary and analysis of the results.

Prompt fatality calculations are independent of subsequent

fall out shelter stay times. Therfore, every set of results has the
same number of prompt fatalities. For this scenario, 92.1 million of

the urban population (70.1%) and 7.5 million of the rural population

(9.0%) were prompt fatalities.

Prompt injuries are slightly dependent on fallout sheltering.
(A prompt injury can become a fallout fatality, and this can happen at

different times for different levels of sheltering.) However, the
figures are relatively constant over time and for each scenario. For

comparative purposes, figures of 23.0 million urban* prompt injuries

(17.5%) and 11.5 million rural prompt casualties (13.8%) were used.

Actual results differed from these by no more than two or three percent-

age points. The actual results are available in Appendix E.

The post-processor provides casualty figures for three differ-

ent points in time: 7 days, 30 days, and 180 days after the attack.

Fallout fatalities and injuries are assessed on the basis of maximum

biological dose (MBD) received. In cases of shorter shelter stay times

(less than 5 days) this MBD is received before the seventh day, and so

the 7 day casualty figures are accurate. However, for longer stay

times, this MBD is not received until sometime after seven days have

elapsed, so the 7 day fallout casualty figures are inaccurate.

Because of the high percentage of prompt casualties, only a

small fraction of the total population was at risk (i.e., alive after

the blast) for fallout casualty calculations. In addition this fraction

was different for urban and rural populations. Therefore, in presenting

fallout fatalities, the percentages were normalized to the population at

risk by dividing by the fraction of population which were not prompt

fatalities. Similarly, for fallout casualties, the percentages were

normalized by dividing by the fraction not prompt fatalities or injuries.
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With these points in mind, consider the casualty figures

presented in Figure 3-7 and 3-8. Figure 3-7 presents fallout fatalities

for the nine stay times and for both the urban and rural populations

(left and right graphs, respectively). Figure 3-8 presents similar

information for fallout injuries.

Notice that the error in the 7 day figures discussed above is

readily apparent. If there were no error, the 7 day, 14 day, and 21 day

stay time figures would be identical. The differences demonstrate that

the MBD is not always received by the seventh day.

These graphs effectively illustrate the major goal in developing

the Attrition Rate Model: reduction in variability associated with

sheltering estimates. At 180 days, there is a 500% difference in urban

fatalities and a 250% difference in rvrdl casualties between the 21 day

full sheltering assumption and the 3/4 day full, 19 day 2/3 sheltering

assumption. The difference between the Best and Worst Case is roughly

50% for urban fatalities and 25% for rural fatalities. Similar relative

differences, although much smaller in actual numbers, exist for the

injury graph.

The Worst and Best Cases are approximated by the 2 day fully

sheltered, 19 day partial sheltered and the 3 day sheltered, 18 day

partial sheltered assumptions. However, note that from Table 3-6, the 2

day sheltered, 19 day partially sheltered stay time provides the same

protection as an 8.6 day fully sheltered stay, followed by 12.4 days out

in the local radiation field (for a total of 21 days) before evacuation.

The 3 day sheltered, 18 day partially sheltered stay time is equivalent

to 10.2 days in a shelter, followed by 10.8 days in the local radiation

field before evacuation. These numbers indicate that care must be

exercised in attempting to compare results of the Attrition Rate Model

with one "equivalent" stay time; there are many combinations of stay

times which provide equivalent protection.
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Figure 3-7. Fallout fatalities for urban and rural populations.
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Figure 3-8. Fallout injuries for urban and rural populations.
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There is a significant difference in the computer time needed

to perform these runs. The runs were made on a Honeywell 6000 series

computer running under the GCOS operating system. A single run of one

of the Attrition Rate assumption took roughly 9 times longer than a

single run of one of the traditional stay time assumptions. However,

recall that the post-processor was designed to work for the traditional

assumptions, and "brute force" was used to make it handle the Attrition

Rate assumptions. A program properly designed specifically for the

Attrition Rate assumptions could be expected to improve on these figures

considerably.

The Best and Worst Case results are roughly parallel to the

more traditional stay time results on each of the four graphs. They

also lie roughly in the same range, i.e., near the results for 2 day

and 3 day stay times. However, all four graphs come from only one SIDAC

scenario, one with a very large proportion of blast casualties. One may

hypothesize that these relationships hold in general for other scenarios,

or that the 3 day fully sheltered, 18 day partially sheltered stay time,

for example, produces the same number of casualties as the Best Case.

To date, these conjectures remain just that, and further work is needed

to substantiate them.

3.4 SUMMARY
The Attrition Rate Model displays three advantages as a tool

for the investigation of fallout casualties. First, it has a basis in a
real data base analyzed using the methods of the behavioral sciences.

As such, it provides a justification for the use of model stay times; a

justification absent in previous stay time assumptions. Second, the

Attrition Rate Model reduces the variability associated with a variety

of shelter stay times. Third, the methodology used to derive the Attrition

Rate equations can be applied to a variety of behavioral problems. If

appropriate data bases are available, one may apply these methods to

develop empirical models in other fields.
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SECTION 4

FURTHER APPLICATIONS

Among the initial objectives of this study was the development of a

tool for use in strategic simulations with the purpose of reducing the

variability in simulated results supported by the "human element". The

Attrition Rate Model represents such a tool with respect to fallout shelter

stay times. In the previous section, two applications of the model were

presented. These applications focused on an investigation of the sensitivity

of fallout casualties to stay time assumption. In this chapter, additional

applications of the model are suggested. These include extensions of the

type of research exemplified by the applications in Section 3, as well as

more detailed use of the model.

4.1 IMPLEMENTATION OF THE COMPLETE SET OF ATTRITION RATE EQUATIONS

The first application is to modify the SIDAC post-processor

(Appendix D) to accept the complete set of 24 different Attrition Rate

equations. These equations were previously presented in Table 2-4.

There are two distinct parts to the modification, corresponding to

the two different functional forms of equations. For the linear equations (y

= at + b) almost no modification is needed. The program is already designed

to handle the two linear equations describing the Best and Worst Cases. The

only required inputs are the parameters a and b (designated AA and BB in the

modified code, Appendix 0). By inputting the proper a and b, the current

post-processor will handle any of the linear equations.

Of the 24 equations, 5 take the simple exponential form y = at

This is slightly more difficult to handle in that the code as currently

structured cannot handle an exponential stay time. But the addition of this

capability is fairly straightforward.

By adding this capability, variations in fallout casualties due to

the range of response in each of the eight data categories summarized in

Table 2-4 could be investigated. For example, the impact of training vs no

training, or good shelter management vs poor shelter management on population
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survival could be analyzed. With this information, the analyst could
investigate each of the eight variables, rather than just the best and worst

case summaries.

4.2 ADDITIONAL SCENARIOS

Tc date, only one SIDAC scenario has been run as described in

Section 3.3. It is impossible to draw general conclusions about model

behavior on the basis of one run. Many different scenarios must be consi-

dered and the variability of the results must be examined. In this way we can
investigate various hypothesis about shelter stay times with range of

scenarios could answer questions concerning:

(1) The existence of simple stay time assumptions "equivalent" to

the Best and Worst Case Attrition Rate Model;

(2) The impact of the Attrition Rate Model assumption for various

degrees of evacuation posture;

(3) The range of casualties between the Best and Worst case

responses;

(4) The variation of fallout casualties under a variety of weapon

laydown patterns; and

(5) Other hypothesis concerning the model.

It is a simple matter to implement this application. Each SIDAC run should

be made in the usual way, generating an Answer File. This Answer File is then
run through the modified post-processor and the results analyzed as in

SectiGn 3.3. These results will yield general rules which the Attrition Rate

Model follows.

As an example, consider the claim that a 3 days sheltered, 18 days

partially sheltered stay time yields casualty figures approximately equal to

the Best Case. This is borne out in the one scenario that has been studied.

Should this prove to be the case over a number of widely varying scenarios,

we would consider the claim validated. If this claim were true, we could use

it to an advantage. Recall the modified post-processor uses more computer

time than the original. If we could model the Best Case results by using the

3 day stay time, we could simulate the use of the Attrition Rate Model while

saving on computer expense.
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4.3 OTHER SIMULATION MODELS

The post-processor presented in Appendix D is designed to work only

in the SIDAC system. However, there are currently a number of other models

within the aefense community which are employed to estimate strategic fallout

casualties. Among these are CIVIC, COBRA, READY, and RISK II. Through

appropriate modifications these programs could be made to handle the

Attrition Rate equations. In this way the Attrition Rate Model of casualty

prediction could be more widely available for use throughout the community.

Because modifications to the SIDAC post-processor were straight-

forward (although by no means trivial), there is every reason to believe that

a similar effort could be made to modify the casualty prediction sections of

the other simulations. For example, in CIVIC (Civilian Vulnerability

Indicator Code, (8)) the Attrition Rate equations should be inserted in

Overlay (5,0), the Initial and Fallout Effects Damage Assessment Overlay, and

more specifically, in Secondary Overlay (5,4), entitled EVAL5, Assess

Casualties and Fatalities from Individual Weapons - Initial and Fallout

Effects. Modifications to other simulation models should be quite similar.

4.4 ALTERNATIVE DATA BASES

The methodology outlined in Section 2 for the construction of the

Attrition Rate model is not limited to one specific data base. For this

study, data were extracted from readily available investigations of U.S.

disasters and behavior. Thus, the model is most applicable to U.S. popula-

tions.

If a data base of Soviet disasters were available, one could

reperform the analysis to obtain a similar set of equations based on Soviet

psychological responses. This data would more accurately reflect those

psychological aspects which differ in American and Soviet societies. With

this data base one could feel more confident in making statements about the

Soviet reaction to a nuclear disaster.

This technique is not limited to fallout shelter studies. If an

appropriate data base exists, subjects such as industrial production under

adverse circumstances or recovery after stress could be investigated.
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APPENDIX A

THE SIDAC INSTRUCTION SET

Table A-i contains the set of instructions used by CCTC to gener-

ate the SIDAC run. It is presented here without comment. It may be of

use to those familiar with SIDAC who desire to reproduce the results presen-

ted in this document.
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Table A-I. The SIDAC instruction set (continued).
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APPENDIX B

CASUALTY CALCULATIONS

This appendix supplements the material in Section 3.3. It

describes the steps required to compute casualties in the SIDAC post-

processor.

The first step is to compute the proportions of the population

at risk which become prompt fatalities, prompt injuries, fallout fatali-

ties, and fallout injuries.

By assumption, the proportion of prompt fatalities (PFAT)

equals the probability of severe damage = 1-SPROBS, where SPROBS is

provided in the Answer File. Similarly, the proportion of prompt casual-

ties (PCAS) (i.e., fatalities and injuries) equals the probability of

moderate damage = l-MPROBS. Therefore, proportion of injuries = PCAS-PFAT.

(SPROBS and MPROS were previously defined in Section 3.3.1).

The fallout casualty calculations are more complicated. For

each of the 7 day, 30 day, and 180 day time periods, a "mid-lethal dose"

(MLD) and a "mid-casualty dose" (MCD) are provided. (Here casualty refers

to injuries alone). Associated with these main doses are their standard

deviations, "standard deviation for lethality" (SDL) and "standard devia-

tion for casualty" (SOC), respectively. For further -nformation on radia-

tion doses, see (6).

Recall that MAXDOS is the maximum biological dose which would

be received in a given environment if no protection existed (PF=I). To

scale MAXDOS appropriately, we use that shielding value (SHLVAL) such

that MAXDOS x SHLVAL = actual dose received by a sheltered individual.

This shielding factor is merely the reciprocal of the effective protec-

tion factor. For each data record, there are seven values of SHLVAL,

one for each PF as shown in Table 3-5. The percentage of people corre-

sponding to a given PF is SHLPCT.

Mathematically, we define

SHLVAL - DRM(1)/PFI + DRM(2) x (XMULT(1)/PFI + XMULT(2)/PF2)

DRM(l) + DRM(2)

65



where

DRM(l) = 1.0 - ITT " 0 . 2

DRM(2) = ITT' 0 2 - JTT 0 . 2

PFl = shelter protection factor

PF2 = outside protection factor (assumed equal to 1/.65)

XMULT(l) : proportion of time from ITT to JTT spent inside

shelter, and

XMULT(2) :I-XMULT(l) = proportion of time from ITT to JTT

spend outside shelter

(See Section 3.3.2, for discussion of ITT and JTT.)

Further details on these quantities may be found in the Appendix of (4).

As stated above DOSE = MAXDOS x SHLVAL is the actual maximum dose

received by an individual in the given fallout field and shelter. We

must now determine what proportion of the population at risk this dose

kills or injures. This is accomplished using the normal probability

distribution.

Denote by 4(x) the cumulative normal probability at x. Let I

be the index counting the seven possible PFs as shown in Table 3-5. Then

the proportion of fatalities caused by the radiation dose DOSE(I) is

FAT : SHLPCT(I) x 0 S LD
I:I1 SDL

where

MLD : mid-lethal dose and SDL is its standard deviation.
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Similarly, the proportion of injuries caused by DOSE(I) is

CAS = SHLPCT(I) xr, DOSEI - MCD\

I=l SDC

where

MCD = mid-casualty dose, and SDC is its standard deviations.

Note that MLD, MCD, SDL, and SDC are different for each time

period (7 day, 30 day, or 180 day). Thus, this whole calculation is

repeated three times.

We now have the four casuality proportions PFAT, PCAS, FAT, and

CAS. The total population at risk (capacity of the shelter) is CAP.

Following steps 3-7 as outlined in Section 3.3.4, we calculate actual

casualties as follows:

NPF = Number prompt fatalities = PFAT x CAP

NFF = Number fallout fatalities = FAT x (I-PFAT) x CAP

NPI = Number prompt injuries = (PCAS-PFAT) x (I-FAT) x CAP

NFI = Number fallout injuries = (l-PCAS) x (1-FAT) x CAS x CAP

NHP = Number healthy population = CAP-(NPF+NFF+NPI+NFI)

This completes the computation for one data record. We repeat

this entire procedure for each data record and sum the results.

To illustrate this procedure, consider the following example.

Let MPROBS = .5 and SPROBS = .7. This means that probability of moderate

damage = PCAS = .5, and probability of severe damage = PFAT = .3. Let

CAP = 1000, MAXDOS = 4000. Assume that for the time period in question,

MLD = 500 MCD = 200

SDL = 200 SDC = 50.
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For simplicity, assume the following shelter distribution:

PF PERCENT

200 20

50 50

10 30

We compute casualties resulting from a 3 day stay time followed

by 18 days of 2/3 sheltering.

First, we compute three values of SHLVAL, one for each PF.

ITT = end of period of 100% sheltering = 3 days = 72 hours. JTT = end of

partial sheltering = 21 days = 504 hours.

DRM(l) = I - ITT"0 "2 = .575

DRM(2) I ITT-0 "2 - JTT "0 "2 = .137

PFI z 200, 50, and 10, respectively

PFI = 1/.65 = 1.538

XMVLT(l) = 2/3 = .667

XMVLT(2) = 1/3 = .333

Therefore, for PFI = 200,

SHLVAL(l) = .575/200 + .137(.667/200 + .333/1.538)
.575 + .137

.046

Similarly, for PFI = 50, SHLVAL(2) = .058, and for PFI = 10,

SHLVAL(3) = .135.
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We now compute FAT and CAS by filling in Table B-I. By summing

the two indicated columns, we find FAT = .23 and CAS = .74, i.e., 23% of

the at risk population are fatalities and 74% are casualities. From

before, we had PFAT = .30 and PCAS = .50. We now compute

NPF = .30 x 1000 = 300 prompt fatalities

NFF = .23 x .70x1000 = 161 fallout fatalities

NPI = (.50 - .30) x (1 - .23) x 1000 = 154 prompt injuries

NFI = ( - .50) x ( - .23) x .74 x 1000 = 285 fallout injuries

NNHP = 1000 - (300 + 161 + 154 + 285) = 100 uninjured people.

This data record has been completed; we would now get another

record, compute the same quantities, and add them to these results.
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APPENDIX C

THE ORIGINAL SIDAC POST-PROCESSOR

Table C-1 contains a listing of the original SIDAC post-processor

as written by the Command and Control Technical Center. What follows, while
not a complete documentation, is intended to serve as a guide to the program

segments.

LINE NUMBERS IN TABLE C-1 FUNCTION

1 - 30 Initialization

31 - 72 Initial data acquisition, continued

initialization
73 -103 Read a record and assign values to

variables

105 -119 Default values for PFs and percen-

tages -- urban population

120 -134 Default values for PFs and percen-

tages -- rural population

135 -170 Additional initialization and error

calls

171 -238 The bulk of the computations -- see

further comments below

239 -342(end) Output and bookkeeping routines.

As noted above, lines 171-238 comprise the bulk of the computations.

To aid in comprehension, some of the key variable one identified here. The

actual flow of the computations is fairly clear.

There are many do-loops which run from 1 to 7. (See lines 171,

184, 187, 190, etc.) . These index the seven different PFs per environment.

Do-loops from I to 3 index the three different assessment times, 7 days, 30

days, and 180 days. PRI is the inside protection factor; PR2 is the outside
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protection factor; set equal to 1/.65. The proportion of partial shelter-

ing spent indoors, denoted XMULT(1), is equal to 1-XMULT (2). ITT is time

at end of complete sheltering; JTT is time at end of partial sheltering and

marks beginning of evacuation. DRM(l) and DRM(2) are dose rate multipliers

for each time period. SHLVAL is the reciprocal of the effective protection

factor.

SMLD (I), SIGL(I), SMLD(I), and SIGC(I) are mid-lethal dose, its stan-

dard deviation, the mid-casualty dose, and its standard deviation, respec-

tively, for the assessment time indexed by 1 =1, 2, or 3. The actual

values they assume (in lines 224-231 and lines 15-18) are from reference

(6). (MAXDOS) x (SHLVAL) is the actual dose received. CUMN is a sub-

routine which computes the cumulative normal distribution. FAT and CAS

store the percentage of fatalities and casualties, respectively. In lines

240-246, these percentages are converted to actual population counts.

To run this program, the Answer File must be available as device

number 25. Device 5 is the card reader, so all reads to device 5 must find

the data located after the source code.
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Table C-i. The original SIDAC post-processor.

1 DIMENSION IPROF(Z.5,7) ,ISIPCT(5,7),IMULT(2.5).ISNLVC7).
2 !ISHLPC7),DRM(2),ITX(4) ,IPCTF(5)
3 DIMENSION XMULT(?,5)
'. CH4ARACTER ICCe*25)
5 CiARkCTER TITLEI*2O*TITLE2'2OT1TLE3.20,TITLE4;3
6 CHARACTER JNAM4*5#TOP0Sh8.SPACI*4#SPAC2*3
7 CH4ARACTER' ISUB.*1.SVSU3*1() TE(,.IF(3.CA3)FA3.
8 DIME4S ION ALIN(3,6,3)uPCT()AE463IFT)ICS3FT3p
9 t CAS(3)*CO(4(38)

10 CH4ARACTER IRG*1 ,SVRG*1,ITIMEh3(3) .INAM.*5(2).ICAT*I
11 C4ARACTER ICTY*2/@ */SVCTY*2P, 0/
12 DATA ITX /24*72v240o72)/

*13 DATA ITIME/' 7,*' 30*s'180'/
14 DIMENSION SHLVAL(16),SNLPCT(16),SMLD(3),S'RCDC3),SIGL(3)oSIGCC3)
15 DATA SMLb/1000.*.P453./
16 DATA SMCD/200.P215.#43J./
17 DATA SIGL/200.*1.j.135./
I$ DATA SIGC/60.#64.S,123./
19 DATA SNLVAL/.Ol,.075,.1 5..2,.3..35..7,
20 !1.l.2.5.,4.5.,7
21 DATA SHLPCT/.05..12,.04S,.385,.09..21 ,.1s
22 9.OO7, .0035..036,.0105..065,.075..253..25,.3/
23 DIMENSION XSHLV(&)vKSI4LP(400)
24 C4ARACTER KCTY*2(50)
25 DATA XSHLV/200.,130.,-50.,20.,1O.,5.,3.,1 .4/
26 DATA ISHLV/20O.103*S0,20v10*5v3/
27 REAL 4PROBS
28 IPACNO
29 REW1ND 25
30 REW1ND 10
31 121
32 KCTY(I)a"
33 1011 REAO(10,1012,END=1013)<CTY(I),(KSHLPCR.(1-1),J ),J1.B)
34 1012 FORMA1CA2812)
35 1.I1
36 GO TO 1011
37 1013 CONTINUE
38 READ (5P100) TITLE1*TITLE2,TITLE3*TITLE4
39 100 FORM4AT (3A20PA3)
40 READ (5P449vEN0%2121) ITTPJTT
41 449 FORMA4T (14,14)
42 IF(JTT.EQ.O)JTT*5'.
43 IF(ITT.GE.ITT)GO TO03131
44 KTTxJTT
45 JTT*ITT
46 ITT=<TT
47 3131 CONTINUE
48 D0 46 1.1,5
49 READ (5#30vE40=46) ICC(J) DIMULT(1 DJ)PIMULT(2DJ) ,

51 I CISH*CT(JPK)oKx1 7) ,I0CTF (J)
52 30 FORMAT( AZ#213P1413*712#11)
53 46 CONTINUE
54 12t CONTINUE
55 ISUBUII4
56 SVSU321b4

6020/78W
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F , Table C-1. The original SIDAC post-processor (continued).

57 1O100300.

58 JWA3URBAN'
60 SPAc2*3H

65 ILINE60

66 !PLA3UO

68 00 21 12a1,6

69 D0 21 I~13,

70 ALIN( 11,12.13)30.
71 ATEM( 12,13)*2.

72 21 CONTINUE
73 6 READ (25*END=98) COM
74 N4POISNCOM(4)
75 SPROISsCOM(5)
76 CALL 9VTE(CO'4v163PICAP.,P6)
77 CALL SYTE(CO4P183PIRGv1,1)
78 CALL UY1E(CON14#11ICTYP1,2)
79 CALL 8VTE(CO?4e189#ISU3rt,1)
s0 CALL 9YTE(CO4N,171#IFATM1),S2)
81 CALL 8YTE(CORP175oIFAT(2)o5P2)
82 t ft.L hT1O~191A()5
83 CALL 9YTE(CON,169*ICAS(1)5#2)
84 CALL BYTE(CON,173PICAS(2)o5.2)
85 CALL SVTE(COq,177oICAS(3),5,2)
86 CALL YF(CON,184vICATv ,5)
87 CALL 8YTE(C0NO43oftAXD3SP1,6)
88 CALL 3YTE(COM#33?#IbM0OSP1P6)
89 CALL 8YTE(COP193PISHLVM1,4P3)
90 CALL 9YTECCO4#196#ISHgLV(2)p4o3)
91 CALL 8YTE(COM.199,ISHLV(3),4,3)
92 CALL 8YTF(CO4*202v1S4LVi(4)#4,3)
93 CALL BYTE (CO4P205.IS'4LV(5)p4,3)
94 CALL 3YTE(CON,208PISH4LV() ,I.3)
95 CALL *VTE( CON,223, ISHLV (,4,3)
96 CALL 9YTE(C04,191.ISHLP(1 ),2)
97 CALL BYTE (CON,21 1,ISHLP(2) .5P2)
98 CALL BYTE(CON4,213, £SHLP(3) ,5P?)
99 CALL 9YTE(C0'qP215, ISHLP(4),5P?)

100 CALL 8YTE(CO%~,217v1SHL0(5),5v2)
101 CALL BYTE( CO4.219. !SHLD(6) .5,2)
102 CALL 9YTE(CO4,221,ISHLP(7)P,2)
1 03 IF(ICAT.EQ."175099"*.0R.ICAT.EQ.7599")O TO 251
104 ISILV(1)2800
105 ISHLtiC2)z25O
106 ISHLV(3)z15O
107 15HLV(4)u100
1 08 ISMLV(5)940
109 ISHLV(6)z20
110 ISHLV(7)210
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Table C-i. The original SIDAC post-processor (continued).

1 13 £SH1P(3)87
1 14 ISNLP(4)al4
1 15 ISHLP(5)*28

1 251 0TO25
1 19 251ISI4LV(1)840

1 20 ISI4LV(2)335
1 21 ISHLV(3)8301 22 fiSllU4)82

1 23 ZSHLV(5)u5O
124 ISHLV(3)n15

125 ISLV(7)x'8

1317 ISHLP(6)25
12 ISI4LP(3)s42

133 25? CONTINUE
1 34 IF(ICTY.EQ.uS")GO TO 101?
1 35 00 1314 Jjw1*50
1 36 IF(KCTY(JJ).EQ.- -)GO TO 101?
137 1014 IF(ICTY.EQ.KCTY(JJ))GO TO 1015
1 38 1015 00 1316 KKR1,?
1 39 I5I4LW(KK)mXS4Lj(1LX)
140 1016 ISNL6(KK)2KSHLP( CJJ-1 ) *8jK)
1 41 101? CONTINUE
142 IF (IFLAG.EQ.1) GO TO 52I 143 SVCTYzICTr
144 SVRGxIRG
145 SVSUSNISUB
146 52 CONTINUE
147 CAPmFLOAT(ICAP)
148 IFIA.Q"50"O.CT.Q"500)AOA*00
149 IF(ICAT.EQ."75099".OR. ICAT.EQ.'750990")CAPRCAP.100.
1 50 DO 23 J*1,3
1 51 FAT(J)*IFATCJ)e.O1
1 52 CASCJ)=tCASCJ).0
153 23 CONTINUE
1 54 14Tul
1 55 4w
156 IF CIPAC.EQ.5) ItIT=8
157 IF (IPAC.EQ.5) tNFBIS
1 58 00 191 13a1,3
1 59 CAS(13)*O.
160 FAT(13)s0.
1 61 191 CONTINUE
1 62 11 a1
163 44 IF(II.EQ.6) GO TO 201
164 IF(ICC(II).EQ.ICTY.OR.ICC(II).EQ.'XXK) GO TO 146
1 65 I~uII.1
1 66 GO TO 41,
1 6? 201 PRINT 202
168 202 FOR144T (15Xo//////,'CARD XX MISSING')
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Table C-1. The original SIDAC post-processor (continued).

171 143SHLPCT(LL)sFLOAT(ISHLP(LL))/100.
1 72 C HELCALULATIO USES ONLY THE PCT OIST.IN TH4E DATA RECORD.HOWEVER

1 74 C ISHPCT HAS SEEN READ IN AND PGR CAN BE 4ODIFIEDI
174 C IT IS ASSUM4ED THAT THERE WELL SE ONLY ONE PCT DIST. FOR BOTH

175 C0 (POSSIBLE) SETS OF PROTECTION FACTORSCIPROF).
176 C o T'4E FOR4 OF THE CALCULATION ASSU14ED FOR THE SECOND TIME PERIOD
177 C IS* J5ST RULT*CI./1ST PROT. FACT.) + 2ND MULT*(1.I2ND P.F.).
1 78 C * ALSO IT IS ASSU14ED THAT 1ST PERIOD USES THE PROT. FACT. INi THE
179 C 00DATA BASE RECORD.
I1so C 0

181 C 0*IPCTF IS THE FLAG TO USE NEW PCT DIST. OR NOT.
182 IF(I2CTF(II).EQ.O) GO TO 144
183 DO 145 LL1,?7

184 145 SHLPCT(LL)aFLOAT(ISHPCT(11,LL))/100.

187 148 S4LVAL(JJ)uF'.OAT(ISHLVCJJ))/10O.
188 GO TO 991
189 147 DO 149 K21 ?
1 90 PRl UFLOAT(IPROF(1PII*K))
1 91 PR2mFLOAT(IPROF(2,14o))
192 IF(IPROF(1.IIPK).LE.0) PRlzFLOAT(ISI4LV(K))
193 IF(I0ROF(2PIIPK).LE.0) PR2=FLOATCIS'ILV(K))
194 C * IF THE PROTECTION FACT3R IN THE DATA BASE RECORD AND THEPROT.
195 C . FACT. :4 THE CHANGE CARD ARE BOTH 0. IT IS ASSU4ED THAT THE
196 C . PROT. FACT. 2 l./.65

19? IF( I'ROF(l1,II.K) .LE.).AND.ISHLV(K).LE.0) PRIzi ./.65
198 IF(ISROF(2,1IK).LE.O.AND.ISHLV(K).LE.O) PR2z1 ./.65
199 IF(IPROF(1,II*gK).EQ. 1) PRI.1./.6S
200 IF(I5*OF(2,IIvK).-.Q. 1) PR2=1./.65
201 IF (DRM1).RR(2).LE.0) SHLVAL(M2.65
202 X4ULT(1.II )UFLOAT(IMULT(1.II))/100.
203 X4ULT(2,1)zFLOAT(1IMULT(2.II))/100.

205 DRM(1-ITT**(-.2)
206 0RM(2)uITT**(-.2)-JTT-o(-.2)
207 IF( (ICTY.EQ."JA".OR.ICTY.EQ."TW") .AND.K.EQ. 1)PRI1I.4
205 IF(ICTY.EQ."TW-.AND.K.EQ. 1)SHLPCT(1 )m.3
209 IF(ICTY.EQ."JA".ANO.K.EQ.1 )SHLPCT(1 )z.4

*210 FAC1mDRVIM*(1./PR1)
211 FAC2zX%1ULT(1*II)*(1./PR1)
212 FAC3*XMULT(2.11)o(l./PR2)
213 FAC48DR4(2) *CFA:2,FAC3)
2 14 FAC5xDR4M1).R"(2)
215 FAC6xFAC1+FAC4
2 16 SHLVAL(K)=FAC6/FACS
217 149 C3NTINUE
218 991 CONTINUE
2 19 14Tzl
2 20 INYF=7
2 21 DO 999 11*1.F3
222 D00999 17uINT,INF
223 S4LDC2)21O00.
224 SIGL(2)2200.
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Table C-1. The original SIDAC post-processor (continued).

225 IF(MA4XDOS.SI4LVAL(12) ..E.400.)SMILD(2).540.
226 IF(NAX&OS.SNLVAL(12)..E.40O.)SIGL C2)xl62.
227 IF(MAXDOS;SHLVAL(12).GT.400..AND.MAXDOS*SLIAL(12).LE.1 300.)
2258IL(a2
229 IF(M4AXDOS*SHLVAL(12).GT.400..AND.MAXDOS*SHLVAL (12).LE.1300.)
230 L SIGL(2)=3?0.

231 FAT (11 )=FAT(I 1)+CUM4N((14AXDOS*SHLVAL(12)-SqLD(Il))/SIGL( 11)
232 &*SNLPCT(12)
233 CAS(I 1)aCAS(11)+CUMN((RAXDOS*SHLVAL(I2)-S4CD(I1 ))/SIGC( Il))

235 IF((UAAXDOS.S*?4LVAL(12)).EQ.0) FATC I1)xO.
236 IF( (MAXDOStS4LVAL(I2)).EQ.O) CAS(Il )RO.
237 999 CONTINUE
238 DO 22 131,3

?39 ATEMt(6vI)=CADI..'240 ATEMCS.I)u (1.O-SPRO8S)*CAP
241 ATEM(t.I0uSPR08S*CAP*FAT( I)
242 ATEM(2oI)m (SPROBS-11PROBS) W.C1.-FAT(I) )*CAP
243 ATEM(3.I)EM4PROBS*(1 .O-FAT(I))*CAS(I)'CAP
244 ATEM4(4.I)UCAP-(ATEM(5,I ).ATEM4( .1).ATEM4(2.I)ATEM4(3,I))
245 IF (ATEM(4vI).LT.).) ATEM(4*I)xO.
21.6 22 CONTINUE
247 IF (IFLAG.EQ.O) GO TO (.

24.8 IF CICTY.NE.SVCTY.OR.IRG.NE.SVRG.OR.ISU8.NE.SVSUB) 11a1
249 IF (ICTY.NE.SVCTY.OR.IRG.NE.SVRG.OR.ISUB.NE.SVSUO) GO TO 7
250 4 tFLA3uI
251 Do 5 J11*3
252 0O 5 J2=1,6
253 DO 5 J3=1,3
2 54 ALZN(J1.J2,J3)UALXN(J1 ,j2,J3)*ATEM4(J2,J3)I255 5 CONTINUE
256 If (IEOF.EQ.1) GO TO 7
2 57 60 TO 6
258 7 ILXNSILIN*4
259 IF CILIN.LE.53) GO TO 5
260 33 PRINT 69
261 69 FOR4AT CIH1)
262 PRINT 61
263 PRINT 62,TITLEI

.4264 PRINT 63,TITLE2,JNAM
265 PRINT 64P TITLE3
266 PRINT 65PTITLEA
267 PRINT ?6
268 PRINT 68
269 PR INIT 66
270 61 FORMAT (T2,..* RED ON SLUE'v40XPOPULATION ASSESSMENT')
271 62 FORMA4T CT?,'. CASE/SCENARIO: 1,A20)
272 63 FORMAT Mt?,* SPEC 14STR: '*A20#26XPAS)
273 64 FORMAT CT?,'. SPEC 1INSTR: '#A20*26XP5(1H4-))
274 65 FO R MAT (T2,'.#,1EA3,1X,'ASSESSMENT')
275 68 FORMAT CT37,'FATALITIES',36X,'INJURIES')
276 66 FORMAT( T22,-43(1N-)p2X,43(1N-),6X.'RESIDUAL',3X, 'ASSESS'./*
277 &12X,'TOT POP',6X,2('PROM4PT',8BX' FALLOUT',1OX,'TOTAL -9X),
278g xO',x'MEI1?,C-)27(3I),x,(-)/
279 9 1X,'REG',2X,'CTRY',4K, 'ML',?X.6('MIL',3X,'PCT',&E),
280 1 'MIL',3E, 'PCT',4X,'DAYS',/,1K,3C1N-),2X,4(14g-),3X,5(1N-).3X*
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Table C-i. The original SIDAC post-processor (continued).

282 ILINS17

283 8 DO 13 12=1,6
284 05 13 K13.1,3
285 ALIN.C I1,12,K3 )XALIN(I l,12oK3)IMIL
286 1 3 CONTINUE
287 GO TO C40P41#42)I1
288 43 ENCOOE(TOPOS#5O) SVRG#SPAC1*SVCTY
289 50 FORMAT (A1*A4PA2, *
290 GO TO 75
?91 '.1 E10CODE CTOPOS,51) SVR~vSPAC2
29? 51 FDR14AT (AIA3#'ALL s
?93 GO TO 75
294 42 E4ICODE (TOPOSF57)
295 57 FORMAT ('W,2XP'ALL')

296 75 00 9 13*1,3
297 TCAvALINCI1#5#I3)+ALIN( 11P,3)
298 TIt;UAL I.'I12,13).AL1N(l1,3.13)
299 DO 10 K115
300 PCT(KV.CALIN( 11,K,13)/IkLIN(11,6,13) V.100.

301 10 CONTINUE
302 PCT(6)uCTFAIALIN(I1,6,13) V.100.
303 PCT(7)=(TIN/ALIN(I1#6#I3) )*100.

304 PRINT I.- TOPOS ,ALINCI1,6,13),ALIN(IIS,13),PCT(5)s
305 & ALIN(Il,1 ,I3),PCTC1 ),TFAPCT(6),ALIN(11.2,13),"CT(2),
306 & ALINCI1P,13).PCT(3),TINPCTC7),AL.IN(11,4113) .SCT(4),ITIMECI3)

307 1 FORMAT (?%,AS, 1XFS.3,2X,7(FS.3,lx,F4.1,2x),lX,A3)
308 9 CONT14UE
309 IF (11.EG.2) PRINT 76
310 IF (Il.EQ.2) ILIN8ILIN.1
311 PRINT 76
312 76 FORMAT Ml
313 Do 11 12=1,6
314 00 11 1381 '3
315 ALIN(I1,I2,13)*0.3
316 11 CONTINUE
317 IF (I1.EQ.1) SVCTYRICTY
318 IF (I1.EQ.3.AND.IEOF.E.N.1) GO TO 99
319 IF (I1.EQ.2) SVRGxIRG
320 IF (II.EQ.2) GO TO 12
321 If (I1.EQ.3) SVSU321SU3
322 IF (II.EG.3) ILIN86O
323 IF (I11EQ.3) JNAM zRURAL'
3 24 IF (I I.EQ. 3) GO TO 4
325 IF (IRG.NE.SVRG.OR. ISUB.NE.SVSUB.OR. IEOF.EQ.1) 11x2
326 IF (IRG.NE.SVRS.OR.ISJ3.NE.SVSU8.OR.IEOF.Eg.1) 30 TO 7
327 GO TO 4
328 12 IF (ISU8.NE.SVSU8.0R.IEOF.E2.1) 1123

329 IF (ISUB.NE.SVSUB.OR.IEOF.EQ.l) GO TO 7
3 30 GO TO I.

3 31 98 1 EO0F a1
3 32 11 21
333 GO TO 7
334 99 STOP
3 35 E'4D
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APPENDIX D

THE MODIFIED SIDAC POST-PROCESSOR

Table D-1 presents the SIDAC post-processor as modified to

handle the Attrition Rate equations. It is slightly longer than the

original (361 lines to 342 lines). Other than some overall modifications

and simplifications (which could be equally well applied to the orginal)

the major changes occur in the prime computational section, lines 171 to

252, and at line 32. (Other changes, such as various initializations, will

become obvious upon comparing the two sets of code).

Line 32 reads the two coefficients from the attrition rate

equation, y = AA x t + BB. On lines 171 to 252, the primary modification

is the addition of two loops (line 206 and 238) indexed from 1 to N1, where

Nl is the number of time periods (including the "Zeroth") until the entire

population has left the shelter. All fatalities and casualties are cal-

culated separately for each time period, and a separate SHLVAL, denoted

SHVALX, is computed for each. The dose received for each group is held in

STOR. FATX and CASX contain separate casualty percentages for each group.

These separate figures are finally recombined in lines 254-263 by multi-

plying by the proportion of people in each group. The remainder of the

program is identical to the orginial.

To run this program, follow the same procedure as in the original

post-processor, except a card giving the values of AA and BB must be

included to be read at line 32.
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Table D-1. The modified SIDAC post-processor.

1 DIMENSION IPkUF(2,5,7) ,iSHPCT(5,7);I1M'ULT(2,5 ),ISdLV(7),

2 F ISHLP(7),oR1(2) ,iTX('.) ,PCTF(5)
D ti'ENS I ut XiUL r (2,i)

*I4CHARACT~k LC C * (5)

*5 C14ARACTER TI TLE1 .2U,TITtL2-e,TITLL32(j,,TITLL4*3
t ~~CHARACTR J jA~* 5TPcS , SPAC 1*4, SPAC2 *3

7 CHARACTER I3U6*1eSV.jtJ-1

0 1II,ENS I ON ALIN ( Jo6P3)oPC ( 7),ATEI'(6,3), IFAT C)I CAS(3) FAT (3),
9 CAS(3),COf1(3o)

L 1 11 CHIA.ACTER LC TY~ '/,:-CTY*2/' *I

12 jATA ITX /24P72,Z4Zi.72k./
1 3 DATA 1II,:E/' 71,1 G1,,11oull

1 4 DIMLNS10I. SHL'JAL(lo),$HLPCT( 16)o,LD(3) ,rCD (.),SIGL (3),SLGC(3)
15 DATA ~L/1JU,.45/

10 DATA S.,cu/V)JJ.P215.4UY:./
1 7 DATA SIGLI2Q0.P1.1L5.I

DATA S1%uC/51U.oo4.5P12C.i

22 0 1'7 uG 25 . 5 , 6 ., .4,.1 5, 5 p, . 75,53

23 D1:-ENSIO.4 XSHL'J( k) ,Sr1LPC400)
24 CIARACTER PKCTY-2CL)

25 DATA dL/u.10.J.2.l.'3,./

27 REAL '1PkJuS

26 1 PA C =
29 REwl14b 25

30 R E w 4D 1iJ
31 DIMENSI3*4 SIVALX(16, CU),FATA(3,) L),CASX (3,5j)
32 ,REAU(47,77o) 44b
33 77o FJMAT(eF10.3))

34 1=1
35 FCYI=
36 101 1 RE U 1 o~ , N = 'I ) C Y l , K H P i* 1 1 + ) J 1 8
37 1012 FURMAT(A2,o[2)

39 60 TO 1Cl1

40 1013 C01GTIN.UE
41 READ (5pl1GO) TITLE1PTITL 2PT1TLL!,TITLt4

42 1iJO FORMAT ( 3A2J,A3 )
43 READ (5o449,.40=2121) 17T,JTT

44 449- FORM~AT (14P14)

45 1 F(J TT.E~i.6)J T=504

4o IF(JTT.iuE.ITT)GJ TO 31.51
47 KTT-JTT
48 1 TT=I T
49 ITT=KTT

50 3131 CUNT I uE
5 1 DO 46 1 1, 5

52 READ (5,30,END24o) ICC,(J),U,'ULT(1 ,J ),Ir*1u.T(2#J),
53 &(IPH~vF(1,J,K),K~l,7),(1Pk, F(2,J,K),K(1,?),

55 30 FORrPAT A2P213,1413,7I2P11)
5o 46 C 0 N IN UE

6020/78W
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Table D-1. The modified SIDAC Post-processor (continued).

57 2121 CONTINUE
5 b I SUdsl H

59 SVSUb1lH
60 MIL=100COOO.
61 J NAMB #URBAN'
62 SPAClU4H
63 SPAC2z3H
64 SVCTYxZH
65 SVRGal H
66 TOPOS=8H
67 IEOFXO
68 ILIN26U
69 IFLAG=O
70 Do 21 11=1.3
71 DO 21 12=1,6
72 00 21 13=1,3

74 ATEM(12,13)at .
75 21 CONTINUE
76 6 READ (25*END=9b) CON
77 MPR0&uSuCOM(4)
7a SPROS=rCOM(5)
79 CALL UYTE(COM,10oICAPolo)
so CALL 1jYTE(Cfp,133P1AGvl,1)
81 CALL 8YTE(C0Mlol,1CTYv1,2)
U2 CALL BYTE(COMrlb9,ISUUol,1)
83 C A6L 3 Y IE (C Ofl17lZFATC ),5*2)
d4 CALL 8YTL(COMP17SPFAT(2)rSP2)
85 CALL UjYTE(COM,1 79pIFAT(3)P5P2)
46 CALL BYTE (Cu'4,1D)9pICASMP) 5,2)
87 CALL 8YTE(CUM,173PICAS(2),5P?)
88 CALL tUYTE(COo17?,ICAS(3)P5,2)
89 CALL bYTE(CoM,134PaCAT*1,-5)
90 CALL Q3YTE(CM(j43,kAXUO0.,l,0
91 CALL BYTE ( Cu.'4,O37.,I LMOo,1 P6)
92 CALL uYTL(C,v193#LSHLVM#)4#3)
93 CALL i:YTE (C0, 1'6.,SHLV(2) .4,3)
94 CALL bYTL(CU'1#199,1'iMLV(3) 4.:)
95 CALL wYTECM*21)2*ISHLV(4) .4.3)
96 CALL k1YTE(COM#Z05, 1SILV(5) .4,3)
97 CALL bYTE (CON, 2U8,1SHLV (0) 4P3)
9$ CALL BYTE(CO(r,ZZ3oISHLV(7) 4.3)
99 CALL bYTE(C0M,191#ISHLP(1P 5.2)

100 CALL aYTC(C0i.I.211,1SHLPce .5.2)
101 CALL 8YTE (C0P1P213,1SHLP(3) 5P2)
102 CALL UYTE (CU',#215,ISILP(d.),S*2)
103 CALL bYTL (C0,,2l7, 1SILP (p5,2)
104 CALL bYTE (CjN, 2l9.IS11LP(0),5*2)
luS CALL bY'E (CON,*221, !SHLP'() 5o2)
106 IF(ICAT.EG."75O99".OR. 1CAT.EW."75O993")40 Tu 251
107 ISHLV(l)M8C9
108 ISIILV(2)*250
109 ISIILV(3)al5J
110 ISHLV(4)*100
ill ISHLV(5)w40
112 IStHLV(6)=20
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Table D-1. The modified SIDAC post-processor (continued).

*113 ISHLV(?)alO
* 114 ISIILI(1)=14

115 ISHLP(2)x7
116 ISHtLP(3)a?
117 ISHLP(4)=14
11d ISHLP(S)x28
119 ISHLP(6)=17
120 21 ISHLPC7)213

123 ISHLV(2) z35
124 ISHLV(3)230
125 ISHLV(4)=25
126 ISHLV(5)=20
127 ISHLV(6)=15

128 ISHLV(i)=21

129 ISHLP1zS
133 ISHLP(2)222

134 ISHLP(6)=6
135 ISHLP(7)=42
136 252 CONTINUE
137 IF(ICTY.EQ.'US')ba TO 1017
138 00 1014 lJnl,5O
139 IF(ItCTY(.jj).Ew."* ").IO TO 1017
140 1014 IF(ICTY.EQ.IKCTY(.jj))GO TO 1015I141 1015 DO 1016 KKU1,7
142 ISHLV (KK)xXSHLV (K.K)143 1016 IS)4LP(KK)zKSHLP((j.-1) '+KK)
144 1017 CONTINUE
145 IF (IFLA6.EQ.1) GO TO 52
146 SVCTYzICTY
147 SVRG=IRG
148 SVSUBUISUS
149 52 CONTINUE
150 CAPXFLOAT(ICAP)
151 IF( (ICAT. EQ."7510()". OR. ICA T EQ." 751000") CAPUCAP.1 000.
152 IF(ICAT.EQ."75099'.OR. ICAT.EQ."?50990"ICAPzc.AP.100.
153 23 CONTINUE
154 1INT=I
155 1 ;iF=7
156 IF (IF'AC.Ete.5' 1!IT~c
15 7 IF (IIPAC.E..) it.Fzl

15e DO 191 I~S1,3
159 C A S (13)

1o 19 l1 CONT INUE
162 1 1= 1
163 44 IF(II.EW.0) GO TO .(C1

105 1 1 II +1
lc6uci ITv 44

167 eUi PNk~ijT 20e
te 202 FO'A ( 1

5X,//////,'CAj~u XX *I~l..
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Table D-1. The modified SIDAC post-processor (continued).

169 CALL EXIT
170 148 00 143 LL21P7

*171 143 SHLPCT(LL)aFLOAT(ISHLP(LL))/100..1172 C * THE CALCULATION USES ONLY THE PCT DIST. IN THE DATrA RECORD. HO~iJEt(
173 C ISHPCT HAS dEEN kEAv IN AND PGM CAN. dE MIODIFIEDii174 C * IT IS ASSUMED THAT THERE WILL 6E ONLY ONE PCT DIST. FOR RODTH
175 C ~'(PUSSIBLE) SETS OF PROTECTI$JN FACTQRS(IPROF).

J.176 C * THE FORM~ OF THE CALCULATION ASSUMED FuR THE SECOiD TIME PERIOD
177 C I* S 1ST MULT*(1./IST PROT. FACT.) + 2ND -11ULT*C1./2N0 P.F.).

*176 C *'ALSO IT IS ASSUMED THAT 1ST PERIOD USkS THt: PROT. FACT. PdI THE
* I179 C V' ATA 6ASE RECORD.

180 C
181 C *'IPCTF 1S THE FLAb Tvj USE tNEw PCT DIST. OR NuT.

163 DO 145 LLsl,7
184 145 StiLPCT(LL)=FLOAT(ISHPCT(IILL) )I100.
185 144 IF(IL.LT.6) GO TO 147
186 DO 148 Jjz1,7
187 148 SHLVAL(Jj)zFLOAT( ISHLV(JJ ))/100.
188 GO TQ 991
169 147 JvO 14V K=1,7
190 PR1aFLOAT(1PROF(1r11PK) )
191 PR2=FLOATCIPROF(2, IIA) )
192 IF(IPR0F(1*II*K).LE.0) FR1=FLOAT(ISHLV(K) )
193 IF(IPROF(2,IP).LE.U)Pk21.5384o)
194 C *~IF THE PRUTECTZOJ FACTOR IN THE DATA GASE kECURD AND THEPROT.
195 C *.FACT. IN THE CHANJGE CAR., ARE bOTtI Q. IT IS ASSUiiEu THAT THE
196 C PROT. FACT. a 1./.65
197 XMIULT(1,1I)UFLOAT(1IMULT(1 ,II))/1OU.
198 XMULT(2,11):FLOAT(IMULT(2,1I)) /100.

201 IF(ICTY.t G.Tw".ANU.C.E..z.SLPCT(1 )u*3
202 IF(ICTY.E.."JA".AND.K.EW.1)SNLPCT(1 )a.4
203 ITT-24
204 Ni. ((.0 -bd)/(AA*?4.))42
205 DC 153 NJAm1iN1
206 DO 154 11=1,3
207 FATX( Ii ,;A)z0.
208 154 CASX(I1PNA)zuP.
209 ITTaITT+24
210 IF(LTT.Ew.U)..O TO 152
211 IFCZTT.GE.504)koU TO 151
212 DRPM(1)zl-ITT'. (-.2)
213 DRM.(2)ITT**(-.2)-jTr*C-.2)
214 GO TO 150
215 151 uRM(1)z1.-ITT**(-.2)
216 DRM(2)zO.
217 GO TO 15J
218 152 DRM1u.
219 DRM(2)2-jTr**(-.2)
220 150 CONTINUE
221 FAC1zDRm(1)*(1 ./PR1)
222 FAC2zX1uLT(1,I I)*(1 /Pk1)
223 FAC3zX4ULT(2I1)'(1 ./PR2)

224 FAC4zOR14(2) *(FAC2.FAC3)
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Table D-'1. The modified SIDAC post-processor (continued).

225 FCzRMDh2

227 S&LVAL(K)=FAC6/FAC5
228 SHVALX(I(INA)XSHLVAL(K)
229 9563 FORrAT(1X,I1UP6F10.4)
230 153 COrJTINUE
231 149 CONTINUE
232 991 CONTINUE
233 INTal
234 INFa7
235 DO 99~9 11=1#3
236 00 999 128INTPIJF
23? DO 999 NAI1,N1
238 SPLMLO2A100O.
239 SIGL(2)xt200.
240 STORUMAXDOS*SIIVALX(I2*NA)
241 IF(STOR.LE.400.) SMLD(2 )54Q.
242 IF(STOR.LE.4J0.) SIGL(2)u162.
243 IFCSTUR.GT.400. .ANO.STO)R.LE.1 300.) SMLU(2)u720.
244 IF (STON.GT.400..ArJU.STOR .LE.1 300.) SIGL C2)=37U.
245 FATX(IlDNA):FATX(x1,NA)+CUMN((STOR..$MLO(I1))/SIJL(Il))*SHLPCT(1

2 )246 CASX( 1PNA)wCASX( 1NA)CUHN( (STOA..SMCO(11 ) )/SIGC( 11) ) *SHLPCT(12)
247 IF(STOR.GT. lO0d.)JJJCNujjjCN+l
248 IF(STOR.NE.O)GO TO 999
249 FATX(I11NA=U0.
250 CASXCI1,NA)zo.
251 999 CONTINUE
252 IINiU N41-2
253 D0 157 1181,3
254 CASCI1)B83*CASX(I1,1)+(1.0 -(IIN1*AA*24.) -EID )*CASX(I1,N1)
255 FAT(I1)z88*FATXCI1,1),(1.0 -(IIN1'AA.24.) -8, )*FATXcIl*Ni)
256 TEMPU.
257 TEMP2=0.
258 DO 156 NB=2,tel-l
259 TEMP18TEMP1.PATX(I1oNG)
260 156 TEFP2&TEMP2+CASX(I1oNe)
261 FAT(11)xFAT(x11)+(24.*AA*TEMIP1 )
262 15? CAS(I1)zCAS(j1)+(24.*AA*TEMP2.)
263 DO 22 1z1,3
264 ATEMIC6,1.)uCAP
265 ATEM(5,1)=(l .L-SPROBS)*CAP
266 ATErW(1)vSPROI3S*CAF*FAr( I
267 AT-,21 C1R S-.R*S',lU-FAT(I) )*CAP
260 ATEMC(31)uM*PjS*(1 .C-FAT (I))*CA5(I )*CAP-

270 IF (ArEi,4,I).LT.O.) ATEI C4,1)=O.
271 22 CONINUJLE
272 IF (IFLAG.Ew.0) (U It. 4
273 IF (ICTY.I.E.S'1Cry Rli. tJGUNI~ rE .SVSUd) I1=1
Z74 IF ( ILTY.tJL.SVC TY.N. I~ ?iE .4VIC.U1f-ISU;.,L .VSUd) GO TO3?
275 4 IFLAu31
i76 Duj 5 j1=1,3
Z77 (oo 5 J2=1,-3
27& tUO 5 j3=1o.)
279 AI~J,2J. ~I1~3
280 5 CO.' TI Tw~k

84



Table D-1. The modified SIDAC post-processor (continued).

6281 IF (LEUF.Ewj.1) O To 7

2b2 G(, TO 6
283 7 ILI,.=ILlI+4
284 IF (ILINI.LE.53) 60O TC t
285 33 PRINT 69

2 86 69 FORO6AT (iHI)
U28? PRlI"T 61

268 P~RINT *2#TITLE1
289 FRI.NT 63vTITLE2rJNAM
29U PRINT 64P TITLL3

291 PRINT 0STITLE4
292 PRINT 76

293 PRINT 6&
294 PRINT 66
295 61 FORMAT (T2f,** RED ON BLUE8#4XoPLPULATION ASSESSMENT')
296 62 FORMAT (T2#'** CASE/SCENARIO: ,PA20)
297 63 FORMAT (T2,'** SPEC Ir4STR: 1PA2O,26X,AS)
298 64 FORMiAT (T2#'** SPEC INSTiH: ',A2(0,2oX,5(1H-))
299 65 FORMAT (T2.'**.1KoA3,1X,*ASSESSNEN4T')
300 68 FORMAT (T37,'FATALITIES',36X,'INJURIES')
301 06 FORMAT( T22,43(lH-),2X,43(lH-),6X,'RESIDUAL' o3X, 'ASSESS',/,
302 & 12X*sTOT POP',6X.2C 'PRO1MPT',8X,'FALLOUT',10X,'TOTALo9X),
303 & 2X,'P0P,7X,'TIM4E',/12X,7(1H-) 2,2x7(1 3(16-),2X),6(1N-).I/,
304 & IX,'REGo2X,'CTRY,4X,'MIL',?Xoe((MIL',3X, PCTo6X),
305 & 'MIL,3X,'PCT' .4X,' DAYS',/,1X,3(lH-),2X.4(1 N-),SX.5(lH-),3X*
306 9 7(8(1H-)*1X.4 (1N-) 2X) ,6(1N-),//)
307 ILIN*17
308 8 DO 13 K2S1*6
309 DO 13 K3*1,3
310 ALIN(I1,K2,K3)uALIN(I1 .K2,K3)/MIL
311 13 CONTINUE
312 60 TO (40,41,'.2),I1
313 40 ENCODE(TOPOS,50) SVRG*SPAC1#SVCTY
314 50 FORMAT CA,A4,A2*8 ')

315 60 TO 75
316 41 ENCODE (TOPOS*51) SVRGPSPAC2
317 51 FORMAT (A1,A3*'ALL 1

318 GO TO 75
319 42 ENCODE (TOPOSo57)
320 5? FORMAT C*WW',2X'ALL')
321 75 DO 9 13s1,3
322 TFAALIN(I1*5#I3).ALIN( 11.3)
323 TIN2ALI 1 ( I1*2,13).ALIN(I1*3*I3)
324 DO 10 K=1,5
325 PCT(K)u(ALINCI 1,K, 13)/ALIN(11,6,13) )*100.
326 10 CONTINUE
327 PCT(o)a(TFA/ALINCI1,6,I3) )*100.
328 PCT(7)C(TINIALIN(I1P6,I3) )*1O0.
329 PRINT 1P TOPOS ,ALIN(I1,oIS).ALIN(I1,5.IS),PCT(5),
330 &ALINCI1,1,13),PCT(1 ),TFAPCT(6),ALIN(I1,2,13)PPCT(2),
331 4ALlIN( 11.3,13) ,PCT(3) ,TINPCT(7),ALliN(l,4,1 3),PCT(4),ITIIIE(I3)
332 1 FORMAT ( XoA8. 1X.F8..oaX,7(F&.3,lX,F4.l.2X).1X.A3)
333 9 CONTINUE
334 IF (I1.EiQ.2) PRINT 76
335 IF (I1.EQ.2) ILINzILIN+1
336 PRINT 76
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Table D-1. The modified SIDAC post-processor (continued).

337 76 FORMAT MI

338 DO 11 12=1 6

339 D~O 11 13alpS
340 ALIN( I1*I2,l.S) z0.
341 11 CONTINUE
342 1 F ( 1~t SVCTYz1CTY
343 I F ( 11.EQ.3.AID.I EOF.Ew. I) GO TO 99~
344 IF (I...)SVRG=IRG
345 1IF (1.EQ.2) 60 TO 12
346 IF (I1.EQ.3) SVSUb=ISUb
347 1IF ( 11. E~d.3)1 IL I J6
348 IF ( 11 .Ew.3) JNAM z'kURAL'
349 I F (11 . j. 3) GVI TO 4
350 IF ( 1RG .NE .SVR . OR . ISub r4E . SSUd .OR . IEO F .E. I1 11=2
351 IF ( I RGfJE. SVRG .OR . ISUt . .E . SSUJUR . IEOF . EQ. 1 G u TO 7
352 Gv TO 4
353 12 IF (ISUb.;*E.!uSJ .OR.IE.jF.EQ.l) 11=3
354 IF (ISUL .IE.SVSUb.UR.IECF.EG.1l) uO TO 7

355 GU TO 4

357 Ill1
358 GO TO 7
359 99 STCP
3aO END

L
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APPENDIX E

SIDAC POST-PROCESSOR RESULTS

Tables E-l to E-9 present the complete results of casualty

calculations for nine different stay time assumptions. The first seven

are traditional stay times, ranging from 3/4 day fully sheltered, 20 1/4

day partially sheltered, to 21 days fully sheltered. The last two are the

Best and Worst Cases from the Attrition Rate Model.

The column headings one for the most part self-explanatory. All

population figures are in millions. The three assessment times per table

are 7 days, 30 days, and 180 days, as indicated in the last column. For

each table, the upper chart refers to the urban population; the lower, to

the rural population.
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